The baculovirus expression system is suitable for functional expression of gastric H +,K+-ATPase. Expression of functional H +,K+-ATPase in Sf9 cells is accompanied by synthesis of large amounts of non-functional subunits. When H +,K+-ATPase is synthesised in the presence of 150-250 mM ethanol in the culture medium, two to threefold higher levels of functional H +,K+-ATPase are produced due to the formation of more functional subunits rather than to an increase of subunits per se. The catalytical properties of the ethanolproduced H +,K+-ATPase are indistinguishable from control preparations. The mechanism by which ethanol stimulates the formation of functional H +,K+-ATPase probably involves a direct effect on the physical properties of Sf9 membranes. In addition there also might be an indirect effect through ethanol inducible stress proteins acting as molecular chaperones. The baculovirus expression system has been widely used for expression of foreign genes in insect cells. Both soluble cytosolic proteins and complex membrane proteins have successfully been expressed using this system (1-4). Expression of foreign genes is usually regulated by the well characterised and very strong baculovirus polyhedrin and plO promoters (5-7). Both promoters are activated in the very late phase of infection and can mediate expression levels of up to 30-50% of total cellular protein, making them ideal promoters to regulate expression of large amounts of foreign proteins. We have employed the baculovirus expression system for studying the characteristics of gastric H +,K+-ATPase (E.C. 3.6.1.36). This enzyme can be expressed in insect cells as a functional enzyme with similar catalytical properties as native H +,K+-ATPase purified from pig gastric mucosa (8). Although vast amounts of H +,K+-ATPase subunits can be produced H+,K+-ATPase leads to the conclusion that more than 90% of the subunits produced in Sf9 Corresponding author, fax:+31-80-540525. Abbreviations: HEPES, 4-(2-hydroxyethyl)-l~piperazineethanesulfonic acid; SCH 28080, 3-(cyanomethyl)-2-methyl-8(phenylmethoxy)imidazo[l,2a]pyridine; I".5, half maximal inhibitory concentration.
cells are inactive, most probably due to improper folding of the peptide backbone. This phenomenon is not specific for H +,K+-ATPase since the same is true for a variety of both related as well as unrelated proteins that are expressed using the very strong baculovirus polyhedrin promoter (9) (10) (11) . Therefore, attempts to improve functional expression of recombinant proteins in Sf9 cells, have focussed on the use of alternate less strong promoters, that are activated at an earlier stage in infection (12, 13) .
In this paper we will show that functional expression of gastric H +,K+-ATPase in Sf9 r cells, using the polyhedrin and plO promoter to drive expression of the H +,K+-ATPase subunits, can be enhanced upon addition of ethanol to the culture medium.
MATERIALS A N D METHODS

Cells and viruses. Sf9 cells (ATCC CRL-1711) were maintained either as monolayer cultures
in tissue culture flasks (Greiner, Alphen a/d Rijn, The Netherlands) or as 100 ml suspension cultures in 250 ml spinner flasks (Bellco, Vineland, NJ, USA) in vitamin free TNM-FH medium supplemented with 5 mg/ml bovine serum albumin, 5 U/ml penicillin, 5 /¿g/ml streptomycin and 10% fetal calf serum (Gibco, Breda, The Netherlands). In suspension cultures, an additional 0.1% (w /v) of pluronic F-68 (Sigma, Axel, The Netherlands) was added to the culture medium. For production of H +,K+-ATPase, Sf9 cells were grown to 1.5* 10* cells per ml in spinner flasks, pelleted by centrifugation for 10 min at 100 x g at ambient temperature and infected with DLZaASß viruses encoding both H +,K+-ATPase subunits (8) at 1*107 cells/ml using a multiplicity of infection of 3. After 1 h at 27°C cells were transferred to 100 ml fresh culture medium with various additions as indicated, and incubated at 27°C until they were harvested at 2 days post infection. Occasionally, cells were grown and infected as monolayer cultures in 175 cm2 tissue culture flasks.
Preparation o f Sf9 membranes. Cells were centrifuged at 2,000 x g for 5 min at ambient temperature and frozen at -20°C until further processing. This was done by resuspending the cell pellets at 1*107 cells/ml in icecold homogénisation buffer (25 mM HEPES/Tris pH 7.0, 10% (*/v) sucrose, 2 mM EDTA, 5 /xg/ml leupeptin). Membranes were disrupted by sonication using 3 pulses of 15 s with a probe sonicator set at 60 W (Branson Power Company, Denbury, USA) with subsequent cooling on ice. After centrifugation for 30 min at 10,000 x g (4°C) the supernatant was centrifuged for 60 min at 100,000 x g (4°C). Pelleted membranes from this step were resuspended in 0.2 initial volume of storage buffer (25 mM HEPES/Tris pH 7.0,10% (7V ) sucrose, 2 mM EDTA) and stored at -20°C. The supernatant containing the soluble protein fraction was also stored at -20°C. Functional H +,K+-ATPase in this crude membrane preparation could be further purified from contaminating non specific (auto)phosphorylating en:zymes and from non-functional H +,K+-ATPase subunits using a sucrose density step gradient by centrifugating the membranes for 1 h at 100,000 x g (4°C) over a cushion of 25% (7V ) sucrose in 25 mM HEPES/Tris pH 7.0, 2 mM EDTA followed by 38% (7V ) sucrose in the same buffer. The 25%-38% (7V ) sucrose interfase was collected, diluted to 10% (7 V ) sucrose in the same buffer, pelleted by centrifugation for 1 h at 100,000 x g (4°C), resuspended in 25 mM HEPES/Tris pH 7.0,10% (7V ) sucrose, 2 mM EDTA and stored at -20°C. (table 1) . Also, the IftJ for K+ on the 
Enzyme activity assays and protein analysis. The functional (SCH 28080 sensitive) H +,K+-ATPase content of the membrane preparations was determined by phosphorylation with [y-32P]ATP
